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(54) Measurement of multi-port optical devices 

(57) An optical device under test -DUT- (10) having 
m inputs, with m = 1 , 2, 3, ... t M, and n outputs, with n = 
1,2,3, .... N, is tested by applying a plurality of different 
characteristic stimulus signals (Si) to at least one of the 
m inputs. A response signal (Ri) is received at at least 
one of the n outputs, and a property of the DUT (1 0) can 
be determined or verified by evaluating the received re- 



sponse signal in conjunction with at least one of the ap- 
plied stimulus signals (Si) or at least an indication there- 
of. The plurality of different characteristic stimulus sig- 
nals (Si) are provided in a way allowing tracing each re- 
spectively applied stimulus signal (Si) in each received 
response signal (Ri) - if present or beyond a detectability 
threshold. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the measure- 
ment of multi-port optical devices such as switches, 
cross-connects, etc. 

[0002] Testing optical multi-port devices such as 
cross-connects for connecting a plurality of outputs with 
a plurality of inputs has become an increasingly impor- 
tant task for modem optical telecommunication industry. 
Since such multi-port devices offer a wide variety of dif- 
ferent connection options, testing or verifying each op- 
tion and also measuring optical properties or unwanted 
side effects can become extremely time intensive. Con- 
sidering e.g. an nxn-cross connect (with n inputs and n 
outputs), each of the 2 n or even n! switch possibilities 
should be tested. 

SUMMARY OF THE INVENTION 

[0003] It is an object of the present invention to pro- 
vide an improved testing for multi-port optical devices. 
The object is solved by the independent claims. Pre- 
ferred embodiments are shown by the dependent 
claims. 

[0004] According to the present invention, an optical 
device under test (DUT) having m inputs (with m = 1 , 2, 

3 M) and n outputs (with n = 1 , 2, 3, .... N) is tested 

by applying a plurality of different characteristic stimulus 
signals to at least one of the m inputs. A response signal 
received at at least one of the n outputs is provided to 
an evaluation unit together with the applied stimulus sig- 
nals or at least an indication thereof. The evaluation unit 
determines from the received response signals and the 
stimulus indication a property of the DUT, such as an 
optical property (e.g. in insertion loss, crosstalk, or iso- 
lation) or a verification of a device property (e.g. a con- 
nection between different paths or input and outputs, a 
switch matrix, etc.). 

[0005] The stimulus signals have to be provided in a 
way allowing tracing each respectively applied stimulus 
signal in a received response signal - if present e.g. be- 
yond detectability thresholds. The term tracing shall 
mean identifying at least a portion of the applied stimu- 
lus signal in a received response signal, and might also 
covering a quantitative analysis of the identified portion 
with respect to the applied stimulus signal. 
[0006] The term indication of an applied stimulus sig- 
nal shall mean any kind of representative information 
rendering possible to trace this stimulus signal in the re- 
sponse signal. 

[0007] Preferably, each stimulus signal provides a 
unique feature allowing to unambiguously identify each 
stimulus signal - or parts thereof - in each received re- 
sponse signal. This capability of tracing portions of each 
applied characteristics stimulus signal in each of the re- 
ceived response signals allows to apply multiple stimu- 



lus signals concurrently or at least substantially concur- 
rently, thus allowing significantly reduced testing time. 
[0008] In one embodiment each stimulus signal com- 
prises a carrier portion and an identification portion. At 

5 least one of the carrier portion or the identification por- 
tion comprises a unique feature allowing to unambigu- 
% ously identify each stimulus signal - or parts thereof - in 
each received response signal. In one embodiment, the 
carrier portion is the same, or substantially the same, 

10 for all or some of the applied stimulus signals, however, 
varying carrier portions might be applied as well. The 
unique portions have to be selected in a way that they 
can be clearly and unambiguously traced in the re- 
sponse signal(s). In other words, the tracing or identifi- 
es cation scheme provided for evaluating the response sig- 
nal^) has to be adapted to the type of identification as 
applied for in the identification portions. 
[0009] Whereas substantially any adequate identifi- 
cation scheme for providing the unique identification 

20 portion can be applied, it has been found that in partic- 
ular modulation (e.g. intensity, amplitude, phase, or fre- 
quency modulation) can provide a very effective tracing, 
in particular suitable when detecting the response signal 
(s) with standard power meters providing sensibility 

25 mainly with respect to applied optical power. However, 
other identification schemes such as coding (e.g. with 
unique data content) etc. can be applied as well. 
[001 0] While the carrier portion of the stimulus signals 
might be substantially the same and even be derived 

30 from the same source, same applications might require 
different carrier portions. In particular in case the DUT 
provides different paths (e.g. transmission paths) for dif- 
ferent wavelengths, different carrier portions at different 
wavelengths can be applied. 

35 [0011] In a preferred embodiment wherein the DUT 
comprises at least two inputs, two or more (and prefer- 
ably all) of the inputs each receives a different stimulus 
signal having a common carrier portion but a unique 
identification portion. 

40 [0012] In another preferred embodiment wherein the 
DUT has at least one carrier sensitive input (e.g. the be- 
havior of the DUT depends on the applied carrier por- 
tion), the carrier sensitive input will receive at least two 
different stimulus signals, each having a different carrier 

^5 portion and/or a different unique identification portion. 
In an example with a DUT having different transmission 
paths for different wavelengths, each carrier portion 
concurrently applied comprises a carrier portion at a dif- 
ferent wavelength. 

so [0013] In one embodiment, the carrier of a plurality of 
stimulus signals comprises a plurality of different carrier 
portions, but each applied stimulus signals has a differ- 
ent unique identification portion. This can be achieved 
e.g. by applying a broadband source already providing 

55 the plurality of different carrier portions. 

[0014] In one preferred embodiment, the unique iden- 
tification portion of each stimulus signal is provided by 
applying a modulation scheme as known in the art. Pref- 
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erably, an amplitude modulation is provided by modu- 
lating a carrier signal representing the carrier portion. 
The amplitude modulation can be provided by modulat- 
ing the intensity of the carrier signal. The response sig- 
nals can be detected employing conventional power s 
meters (e.g. with photo diodes) for converting the re- 
ceived optical signals into electrical signals. The evalu- 
ation unit can apply various evaluation methods as 
known in the art for tracing unique identification portions, 
or parts thereof, in each received response signal. Thus 10 
and with the knowledge about each different stimulus 
signal and their distribution to the DUTinput(s), the eval- 
uation unit can determine the requested property of the 
DUT (e.g. as insertion loss of the each transmission 
path, crosstalk or isolation between different transmis- is 
sion paths, or verification of a connection scheme (ex- 
pected or unexpected) between inputs and outputs. 
[0015] Preferred examples of evaluation methods in 
time domain are synchronous demodulation, correla- 
tion, regression algorithms (e.g. 3 parameter fit). Pre- 20 
processing methods like transfer on intermediate fre- 
quency (ZF) or filter banks can be applied in addition or 
alternatively. In frequency domain, e.g. Fourier transfor- 
mation (e.g. Fast Fourier Transformation - FFT) or cor- 
relation can be applied. However, it is clear that other or 25 
multiple evaluation methods can be applied accordingly. 
[0016] Amplitude modulation is in particular useful 
since the conversion from optical to electrical signals as 
provided by most commonly available detectors (e.g. 
photodiodes) is generally very sensitive to variations in 30 
the intensity but normally less sensitive to wavelength 
variations in the optical signal. 
[001 7] In a preferred embodiment applying amplitude 
modulation, the modulation frequency range preferably 
covers the sub-ultrasonic range, preferably in the range 35 
of smaller than 100MHz. However, the application of 
modulation frequency ranges is generally only limited 
by the bandwidth of involved components. When apply- 
ing state of the art technology, the most limiting factor 
will be the device for measuring light intensity with a giv- *o 
en input bandwidth (e.g. the photo diode). The maxi- 
mum modulation frequency is therefor limited generally 
to Fmax <= Fs/4, where Fs is the sampling rate of the 
power values, Fmax is the highest preferred modulation 
frequency. The input bandwidth of an employed power- 45 
meter is generally roughly in the range of Fs/4. 
[001 8] The at least two different characteristic stimu- 
lus signals are preferably applied in parallel, e.g. con- 
currently or at least substantially concurrently (i.e. within 
a short period of time). It is to be understood the provi- so 
sion of stimulus signals according to the invention which 
are independently traceable within each received re- 
sponse signal allows to provide such stimulus signals in 
parallel. This allows to significantly reduce testing time 
in particular when testing mxn devices with high number ss 
of inputs and/or outputs or when the device provides a 
high number of possible connections to be tested. It is 
clear, however, that the stimulus signals can also be pro- 
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vided sequentially or in a pseudo parallel mode. 
[0019] The invention has found to be in particular use- 
ful for testing optical multi-port devices such as optical 
cross connectors, optical switches, or switch fabrics, in 
particular when reaching a high number of inputs and/ 
or outputs. In case of a switch with m inputs and n out- 
puts, wharuin a transmission path between one input 
and one output can either be closed or opened, one 
measurement with concurrently applying different stim- 
ulus signals at each of the m inputs and all transmission 
paths being connected will generally be sufficient e.g. 
for providing loss or crosstalk measurements of the en- 
tire switch. In case of an optical cross connect for routing 
each one of m inputs to a selectable one of n outputs, 
providing m measurements will generally be sufficient 
accordingly. However, it is clear that any mxn multi-port 
device can be tested using the invention. 
[0020] It is clear that the invention can be partly or en- 
tirely embodied or supported by one or more suitable 
software programs, which can be stored on or otherwise 
provided by any kind of data carrier, and which might be 
executed in or by any suitable data processing unit. Soft- 
ware programs or routines are preferably applied for 
controlling the application and/or provision of the stim- 
ulus signals (e.g. controlling one or more signal sources 
and/or modulation units), or for evaluating the response 
signals (e.g. by the evaluation unit). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Other objects and many of the attendant ad- 
vantages of the present invention will be readily appre- 
ciated and become better understood by reference to 
the following detailed description when considering in 
connection with the accompanied drawings. Features 
that are substantially or functionally equal or similar will 
be referred to with the same reference sign(s). 
[0022] Figure 1 illustrates a preferred embodiment of 
the present invention. Figure 2 depicts a fast method for 
testing an optical switch fabric, and Figs. 3 illustrates 
other testing schemes. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In Figure 1 , a device under test (DUT) 10 with 
m inputs and n outputs is to be tested (with m, n = 1 , 2, 
3, .... N). Each of the m inputs receives a different and 
characteristic stimulus signal Sj (with i = 1, 2, 3, m) 
and each of the n outputs provides a response signal Rj 
(with j= 1, 2, 3 n). Each response signal R] is re- 
ceived by a respective detector 20-j, and the detected 
response signals are provided to an evaluation unit 30. 
The evaluation unit 30 further receives each stimulus 
signal S jf or at least an indication of each stimulus signal 
Sj allowing to unambiguously identifying each applied 
stimulus signal Sj (or a corresponding portion thereof) 
in the response signals Rj. 

[0024] In operation, all stimulus signals Sj are applied 
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in parallel (preferably concurrently) to the DUT 10, and 
the resulting response signals Rj are detected by each 
respective detector 20-j and provided to the evaluation 
unit 30. Making use of the knowledge about the unique 
character of each stimulus signal Sj, the evaluation unit 
30 will evaluate the response signals Rj in order to derive 
at least one optical property of the DUT 1 0. Such opiica! 
properties can be - for example - Insertion loss; cross- 
talk, isolation, or a verification of an expected transmis- 
sion path between input and output. 
[0025] In a preferred embodiment, each stimulus sig- 
nal Sj is provided by a respective modulation unit 40-i. 
Each modulation unit 40-i receives a carrier signal Cj 
and a modulation signal M { and provides therefrom the 
stimulus signal S h 

[0026] In a preferred embodiment, each modulation 
unit 40-i provides an amplitude modulation for modulat- 
ing the light intensity of the applied carrier signal C f . In 
this embodiment, the carrier signals Cj can all be the 
same or at least substantially the same and might even 
be derived from the same source. In that case, it can be 
sufficient to provide only the modulation signals Mj, or a 
corresponding indication or representation thereof such 
as a modulation frequency i v as indication for each 
unique stimulus signal Sj. 

[0027] In the embodiment applying amplitude modu- 
lation, the detectors 20-j can be embodied e.g. by con- 
ventional photodiodes. The evaluation unit 30 will then 
detect frequency portions fj in each one of the response 
signals- Rf. The right side of Figure 1 illustrates an ex- 
ample with detected frequency portions f 1 and f m result- 
ing from the stimulus signals S 1 and S m Dependent on 
the application, the evaluation unit 30 might determine 
insertion loss, isolation or crosstalk by processing the 
intensities of the received frequency portions in combi- 
nation with each other. Such processing is well known 
in the art and need not be explained herein in detail. 
Typical algorithms can be correlation or Fourier trans- 
formation (e.g. using Fast Fourier Transformation) in 
frequency domain, or e.g. synchronous demodulation, 
correlation, regression algorithms like 3 parameter fit 
(they could additionally be combined with preprocessing 
methods like transfer on intermediate frequency (ZF) or 
filter banks). 

[0028] A preferred embodiment for testing a switch 
fabric 1 00 is depicted with respect to Figure 2 represent- 
ing a generic model in particular for so-called 3D Mems. 
The optical switch fabric 100 in this embodiment shall 
have four inputs l 1f l 2 , l 3 , and l 4 and four outputs O^O^ 
0 3 or 0 4 . It is clear, however, that the number of inputs 
and outputs is not limited. Each one of the inputs can 
be connected to either one of the outputs. A potential 
connection e.g. between input ^ and output 0 1 is indi- 
cated in Figure 2 by a switch 11 0. It goes without saying 
that any other connection can be provided accordingly. 
[0029] For testing the switch fabric 100, four meas- 
urements each with concurrently applying different 
characteristic stimulus signals S r S 4 to the inputs Ij - 1 4 
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are provided. The corresponding response signals R 1 - 
R 4 are measured at the outputs 0 1 - 0 4 Each measure- 
ment preferably measures one line of the matrix con- 
nection structure of the switch fabric 100. This explains 

5 the number of four measurements in the 4x4-switch fab- 
ric example of Figure 2. Accordingly an mxm switch fab- 
ric requires at least m measurements. 
[0030] Figure 3A illustrates the principles for testing a 
multiplexing or demultiplexing device 200. Whether the 

w device 200 is provided as multiplexer or demultiplexer 
depends on the direction for operating the device 200, 
or in other words whether signals (in Fig. 3A) are applied 
from the left (multiplexer) or the right (demultiplexer) 
side. 

15 [0031] In its multiplexing mode, the device 200 has 
one input but n outputs. A signal applied at the input (left 
side) of the device 200 will be provided to one or more 
of its n outputs (right side) dependent on its configura- 
tion and the wavelength(s) of the input signal. For testing 

20 the device 200 a plurality of stimulus signals, each with 
different wavelength of the carrier signal and a different 
unique identification portion, will be concurrently provid- 
ed to the its input. The response signals Rj are detected 
and analyzed in accordance with the above said. For 

25 testing the device 200 in its multiplexing mode, the stim- 
ulus signal Sj are provided from the right side in Figure 
3A and the signal responses Rj are detected at the left 
side of the device 200. 

[0032] The same principles as illustrated with respect 
30 to Figure 3A for testing the multiplexing / demultiplexing 
device 200 can also be applied for testing an optical 
cross connect as shown in Fig. 3B. The optical cross 
connect comprises a 1xm multiplexing device 200 for 
multiplexing one input to m outputs, an mxn switch fabric 
35 1 00 for switching m inputs to n outputs, and an nx1 de- 
multiplexing device 200 for demultiplexing n inputs to 1 
output. 

40 Claims 

1. A system adapted for determining or verifying a 
property of an optical device under test - DUT - (10) 
having m inputs, with m = 1, 2, 3, .... M, and n out- 
45 puts, with n = 1 , 2, 3, .... N, wherein a plurality of 
different characteristic stimulus signals (Si) are ap- 
plied to at least one of the m inputs, the system com- 
prising: 

so a signal receiving unit (20) adapted for receiv- 

ing a response signal (Ri) at at least one of the 
n outputs, and 

an evaluation unit (30) adapted for determining 
55 or verifying the property of the DUT (10) by 

evaluating the received response signal in con- 
junction with at least one of the applied stimulus 
signals (Si) or at least an indication thereof. 
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2. The system of claim 1 , wherein the evaluation unit 
(30) is adapted for identifying at least a portion of 
the applied stimulus signal in each received re- 
sponse signal. 

3. The system of claim 2, wherein the evaluation unit 
(30) is adapved for providing a quantitative analysis 
of the identified portion with respect to the applied 
stimulus signal. 

4. A system adapted for testing an optical device un- 
der test - DUT - (10) having m inputs, with m = 1 , 2, 
3, M, and n outputs, with n = 1, 2, 3, N, the 
system comprising: 

a signal application unit (40) adapted for apply- 
ing a plurality of different characteristic stimulus 
signals (Si) to at least one of the m inputs, 

the system of claim 1 or any one of the claims 
2-3 for determining or verifying a property of the 
DUT (10). 

5. The system of claim 4, wherein the signal applica- 
tion unit (40) is adapted for applying the plurality of 
different characteristic stimulus signals (Si) in a way 
allowing tracing each respectively applied stimulus 
signal (Si) in each received response signal (Ri) - if 
present or beyond a detectability threshold. 

6. The system of claim 4 or 5, wherein the signal ap- 
plication unit (40) is adapted for applying a plurality 
of different characteristic stimulus signals (Si) each 
having a unique feature allowing to unambiguously 
identify each stimulus signal - or parts thereof - in 
each received response signal. 

7. The system of claim 4 or any one of the claims 5-6, 
wherein the signal application unit (40) is adapted 
for applying a plurality of different characteristic 
stimulus signals (Si) each having a carrier portion 
and/or an identification portion, with at least one of 
the carrier portion or the identification portion com- 
prising a unique feature allowing to unambiguously 
identify each stimulus signal - or parts thereof - in 
each received response signal. 

8. The system of claim 1 or any one of the claims 5-7, 
wherein the signal application unit (40) is adapted 
for providing a modulation or coding for generating 
the plurality of different characteristic stimulus sig- 
nals (Si). 

9. The system of claim 1 or any one of the claims 5-8, 
wherein the signal application unit (40) is adapted 
for providing at least some of the plurality of different 
characteristic stimulus signals (Si) in parallel, pref- 
erably concurrently or at least substantially concur- 



rently. 

10. A signal application unit (40) adapted for applying 
a plurality of different characteristic optical stimulus 

5 signals (Si) to at least one input of an optical device 
under test - DUT - (10) having m inputs, with m = 1 , 

2, 3 M, and n outputs* vyith n = 1. 2, 3,.... N. 

11. The signal application unit (40) of claim 10 being 
10 adapted for applying a plurality of different charac- 
teristic stimulus signals (Si) each having a unique 
feature allowing to unambiguously identify each 
stimulus signal. 

15 1 2. The signal application unit (40) of claim 1 0 or 1 1 be- 
ing adapted for applying a plurality of different char- 
acteristic stimulus signals (Si) each having a carrier 
portion and/or an identification portion, with at least 
one of the carrier portion or the identification portion 

20 comprising a unique feature allowing to unambigu- 
ously identify each stimulus signal - or parts thereof 
- in each received response signal. 

13. The signal application unit (40) of claim 10 or any 
25 one of the claims 11-12, comprising a unit for pro- 
viding a modulation or coding for generating the plu- 
rality of different characteristic stimulus signals (Si). 

14. The signal application unit (40) of claim 10 or any 
30 one of the claims 1 1 - 1 3, being adapted for providing 

at least some of the plurality of different character- 
istic stimulus signals (Si) in parallel, preferably con- 
currently or at least substantially concurrently. 

35 15. A system adapted for testing an optical device un- 
der test - DUT - (1 0) having m inputs, with m = 1 , 2, 

3 M, and n outputs, with n = 1, 2, 3 N, the 

system comprising: 



40 
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50 
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a signal application unit (40) adapted for apply- 
ing a plurality of different characteristic stimulus 
signals (Si) to at least one of the m inputs, 

a signal receiving unit (20) adapted for receiv- 
ing a response signal (Ri) at at least one of the 
n outputs, and 

an evaluation unit (30) adapted for determining 
or verifying a property of the DUT (1 0) by eval- 
uating the received response signal in conjunc- 
tion with at least one of the applied stimulus sig- 
nals (Si) or at least an 

indication thereof. 

16. The system of claim 1 5, wherein the signal applica- 
tion unit (40) is adapted for applying the plurality of 
different characteristic stimulus signals (Si) in a way 
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allowing tracing each respectively applied stimulus 
signal (Si) in each received response signal (Ri) - if 
present or beyond a detectability threshold. 

17. The system of claim 15 or 16, wherein the evalua- 
tion unit (30) is adapted for identifying at least a por- 
tion of the applied stimulus signal in each received 
response signal. 

18. The system of claim 16, wherein the evaluation unit 
(30) is adapted for providing a quantitative analysis 
of the identified portion with respect to the applied 
stimulus signal. 

19. The system of claim 15 or any one of the claims 
16-18, wherein the signal application unit (40) is 
adapted for applying a plurality of different charac- 
teristic stimulus signals (Si) each having a unique 
feature allowing to unambiguously identify each 
stimulus signal - or parts thereof - in each received 
response signal. 

20. The system of claim 15 or any one of the claims 
16-19, wherein the signal application unit (40) is 
adapted for applying a plurality of different charac- 
teristic stimulus signals (Si) each having a carrier 
portion and/or an identification portion, with at least 
one of the carrier portion or the identification portion 
comprising a unique feature allowing to unambigu- 
ously identify each stimulus signal - or parts thereof 
- in each received response signal. 

21. The system of claim 15 or any one of the claims 
16-20, wherein the signal application unit (40) is 
adapted for providing a modulation or coding for 
generating the plurality of different characteristic 
stimulus signals (Si). 

22. The system of claim 15 or any one of the claims 
16-21, wherein the signal application unit (40) is 
adapted for providing at least some of the plurality 
of different characteristic stimulus signals (Si) in 
parallel, preferably concurrently or at least substan- 
tially concurrently. 

23. A method for determining or verifying a property of 
an optical device under test - DUT - (10) having m 
inputs, with m = 1 , 2, 3, .... M, and n outputs, with n 
= 1, 2, 3, N, comprising the steps of: 

(a) receiving a response signal (Ri) at at least 
one of the n outputs in response to a plurality 
of different characteristic stimulus signals (Si) 
applied to at least one of the m inputs, and 

(b) determining or verifying a property of the 
DUT (10) by evaluating the received response 
signal in conjunction with at least one of the ap- 



plied stimulus signals (Si) or at least an indica- 
tion thereof. 

24. A method for testing an optical device under test - 
5 DUT - (1 0) having m inputs, with m = 1 , 2, 3, .... M, 

and n outputs, with n = 1 , 2, 3, .... N, comprising the 
steps of: 

(a) applying a plurality of different characteristic 
10 stimulus signals (Si) to at least one of the m in- 
puts, 

(b) receiving a response signal (Ri) at at least 
one of the n outputs, and 

15 

(c) determining or verifying a property of the 
DUT (10) by evaluating the received response 
signal in conjunction with at least one of the ap- 
plied stimulus signals (Si) or at least an indica- 
te tion thereof. 

25. The method of claim 24, wherein in step (a) the plu- 
rality of different characteristic stimulus signals (Si) 
are provided in a way allowing in step (c) tracing 

25 each respectively applied stimulus signal (Si) in 
each received response signal (Ri) - if present or 
beyond a detectability threshold. 

26. The method of claim 24 or 25, wherein step (a) com- 
30 prises a step of unambiguously modulating or cod- 
ing each stimulus signals (Si). 

27. The method of claim 24 or any one of the claims 
25-26, wherein in step (a) at least some of the plu- 

35 rality of different characteristic stimulus signals (Si) 
are provided in parallel, preferably concurrently or 
at least substantially concurrently. 

28. A method for applying a plurality of different char- 
acteristic optical stimulus signals (Si) to at least one 
input of an optical device under test - DUT - (10) 
having m inputs, with m = 1, 2, 3 M, and n out- 
puts, with n = 1, 2, 3 N, the method comprising 

the steps of: 

45 

(a) applying a plurality of different characteristic 
stimulus signals (Si) each having a carrier por- 
tion and/or an identification portion, with at least 
one of the carrier portion or the identification 
50 portion comprising a unique feature allowing to 

unambiguously identify each stimulus signal. 

29. The method of claim 28, comprising a step of pro- 
viding a modulation or coding for generating the plu- 

55 rality of different characteristic stimulus signals (Si). 

30. The method of claim 28 or 29, comprising a step of 
providing at least some of the plurality of different 



6 



EP 1 235 062 A1 

characteristic stimulus signals (Si) in parallel, pref- 
erably concurrently or at least substantially concur- 
rently. 
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